SUMMARY l b elucidate the relation of hematocrit (Hct) to the incidence of cerebral infarction, a prospective follow-up study of 16 years (1965-81) was performed in a general population sample of 1220 Hisayama residents aged 44 and over, of both sexes. Most of the subjects who died during the follow-up period were autopskd, the rate being 89.0%.
IN 1972, THE FRAMINGHAM STUDY 1 showed that a higher level of hemoglobin might be a risk factor for cerebral infarction, and since then, several clinical and clinicopathological observations indicated that high hematocrit (Hct) may be associated with the occurrence of cerebral ischemia. 3 On the other hand, in patients with iron deficiency anemia secondary to chronic blood loss, cerebral ischemia and hemiparesis are often observed. 4 - 5 Concerning the relationship between either hemoglobin or Hct and subsequent cerebral infarction, however, there are few data on a population-based study.
-
The incidence of cerebral accidents in Japan is higher than in the U.S.A., thereby leading to discussion as to whether risk factors of stroke differ between the two populations. 6 In the early 1960s, iron deficiency anemia was one of the major problems in public health for Japanese, particularly for women in rural areas. This phenomenon was assumed to be related to an indigent nutritional state, heavy physical labor, or hookworm infections. 7 On the basis of the data from the prospective community study conducted in Hisayama town, a rural area 688 STROKE VOL 17, No 4, JULY- AUGUST 1986 ance was assessed by the oral glucose tolerance test. Details of the methods of the examinations and the criteria for diagnosis of cerebral stroke have been described elsewhere. 8 " 10 All of the 1220 subjects were followed for 16 years. During the observation period, 408 subjects of the cohort died of various diseases and 363 (89.0%) were autopsied. The first episode of cerebral infarction occurred in 117, 85 died, and 81 were autopsied (95.3%).
A small number with cerebral embolism was included in the category of cerebral infarction.
Hct was determined by Wintrobe's method." Taking into account the sex difference in Hct, the subjects were grouped into 3, based on mean value ± 1 SD respectively; low (<35%), normal (35-45%) and high Hct (>45%) groups for men, and low (<30%), normal (30-40%) and high Hct (>40%) groups for women ( fig. 1 ).
Statistical analyses were made as follows: a relationship between age and Hct level in each sex by using analysis of variance with Bonferonni's multiple comparisons, and the relation between sex and Hct in each age group by Student's t-test. Average values for variables, as well as prevalence of other risk factors, were compared among Hct groups in each sex. Adjustments for age were made in each group. To estimate the statistical significance, analysis of covariance was used for the comparison of average values, and Mantel-Haenszel's % 2 analysis for prevalence. 12 Age-and blood pressure-adjusted cumulative incidence of cerebral infarction was calculated by means of HankeyMyers' method 13 formed into the ordinal number by the coding system as follows: ECG abnormalities; 0-absence, l-presence, glucose intolerance; 0-absence, l-borderline, 2-overt, smoking; 0-nonsmoker, l-fewer than 10 cigarettes per day ,2-10 and over but fewer than 20 per day, 3-20 and over per day. Alcohol intake was converted to the daily equivalent and scored in terms of the equivalent number of GO, a traditional Japanese unit of volume for SAKE (1 GO contains 28 ml of alcohol: -as 0-nondrinker, 1 -less than 1.5 GO per day ,2-1.5 GO and over per day. When the Hct group was selected as an independent variable in the Cox's model, coding number for high Hct or for low Hct was altered by the purpose of analysis. In the case of analysis for high Hct, 1 was given to the high Hct group, 0 was given to the low and the normal Hct groups. Meanwhile, analyzing the effect of low Hct, 1 was allotted to the low Hct group, 0 was to other two groups.
Results Average values for Hct were 39.8 ± 5 . 0 (SD)% for men and 35.8 ± 4.2% for women, the difference being significant (p < 0.0001). As demonstrated in figure 1 , the frequency of distribution of Hct was normal in pattern. Mean values of Hct by age and sex are presented in table 1. Hct was decreased with increasing age by Bonferroni's method in men, while it remained unchanged in women. In each age group, except for the 9th decade, the Hct value was significantly lower in women than that in men. Table 2 shows the age-adjusted average values for variables and the prevalence of possible risk factors of cerebral infarction in the Hct groups, in each sex. Systolic (SBP) and diastolic blood pressures (DBP), serum total cholesterol, total protein and Quetelet index were significantly increased with a rise of Hct levels in both sexes, except for SBP and DBP for men. Prevalence of hypertension by WHO criteria (SBP 1 60 mm Hg and/or DBP > 95 mm Hg) for both sexes, and of glucose intolerance for women, and of heavy alcohol drinking (^1.5 GO) for men were also significantly increased in the high Hct groups compared with those with a normal Hct. Prevalence of heavy smoking (S:20 cigarettes per day) for men tended to increase with Hct. The number of women who drank alcohol or smoked cigarettes was too small to reach statistical significance.
In table 3, average annual incidence of cerebral infarction for 16 years of follow-up was calculated by Hct levels. Cerebral infarction most frequently occurred in the high Hct group, and sequentially in order of the normal and the low Hct groups in men. But there was no statistical difference in the incidence of cerebral infarction among the three determined by MantelHaenszel's x 2 test. Cerebral infarction occurred more frequently in both high and low Hct groups of women, than in the normal Hct group. A statistical significance was obtained between the high and the normal Hct groups. Figure 2 shows the age-and blood pressure-adjusted cumulative incidence of cerebral infarction for men. The incidence tended to be lower in the low Hct group, throughout the follow-up period, while the incidence in the high Hct group was slightly high compared with that in the normal Hct group after the 6th year of follow-up. In contrast, the incidence in women was considerably different, as shown in figure 3. In the low Hct group (<30%), the incidence consistently increased with time during the 5 years of follow-up, and the development of infarction was clustered in this period. Meanwhile, the incidence in the high Hct group was gradually increased and the difference became significant compared with that in the normal Hct group after the 6th year of follow-up.
Since Hct interacts with other factors, a multivariate analysis should be done to investigate the net effect of Hct on cerebral infarction. In men, neither low nor high Hct was an independent risk factor of cerebral infarction throughout the follow-up period, after age, SBP, ECG abnormalities, glucose intolerance, serum cholesterol, serum protein, Quetelet index, daily alcohol intake and smoking habits were taken into account (table 4) . Age, SBP and ECG abnormalities were significant and independent precursors of cerebral infarction in men during 16 years of follow-up (table 5 ). In contrast, as shown in table 4, low Hct in women still remained a significant risk factor of cerebral infarction for 5, 10 and 16 years of follow-up, after the adjustment of various factors, although the magnitude of significance tended to decrease in the later period of follow-up. For 16 years of follow-up, important risk factors of cerebral infarction for women were age, SBP, low Hct and glucose intolerance (table 5) . High Hct never contributed to the evolution of cerebral infarction in women, determined by multivariate analysis.
Discussion
The most interesting evidence we obtained was the sex difference in the relationship between Hct levels and the subsequent incidence of cerebral infarction. In Follow-up Years women, low Hct was definitely and high Hct was probably related to the occurrence of cerebral infarction, whereas there was no consistent relationship between Hct level and the incidence of cerebral infarction in men. The Framingham study 1 and several clinicopathological observations 2 ' 3 showed that high levels of hemoglobin or Hct might be associated with the occurrence of cerebral ischemia. We found no documentation of an epidemiological study revealing that low Hct could contribute to the development of cerebral infarction. Elwood et al" reported that mortality over a three-year period was related to Hct in 18,740 women. There was evidence of a slight increase in mortality in anemic subjects, most deaths being related to malignant neoplasms, but there was a clear deficiency in the number of deaths due to cardiovascular disease. There is also evidence that cardiovascular disease contributed disproportionately to the increased mortality in cases of higher Hct. It should therefore be elucidated whether low Hct levels in women of our series reflected some underlying disease related to cerebral infarction. Disseminated intravascular coagulation (DIC) frequently occurs in the terminal stage of malignant neoplasms. This state can induce cerebral thrombosis. 16 Cerebral infarction occurred in six women in our low Hct group, and five died from various diseases. At autopsy, the underlying Follow-up Years cause of death was cerebral infarction in two, and gastrointestinal bleeding, pneumonia, or congestive heart failure occured in the others. The only survivor is leading a usual daily life, even with the residual signs of stroke. Thus, there was no definite evidence of the coexistence of malignant neoplasms. We already mentioned the frequency of other risk factors or confounding elements in the three groups classified by Hct level. In case of the six women with cerebral infarction in the low Hct group, there were few abnormalities other than old age and hypertension (atrial fibrillation in one and hypercholesterolemia in one).
In an anemic state, a decrease in the oxygen-carrying capacity of hemoglobin is thought to be compensated for by the increase of cardiac output due to a decrease of blood viscosity and a subsequent increase of venous return to the heart.
17
" 19 In addition, a decrease in the affinity of hemoglobin for oxygen is more advanced by an increase of 2,3-diphosphoglycerate in red cells, in the case of anemia. 20 Here, there is a greater likelihood of a dissociation of oxygen from hemoglobin, and the oxygenation of tissue is compensated. However, experimental studies showed that when Hct was as low as 30% or below or hemoglobin was 9g/100 ml or below, a compensatory mechanism would be no longer suffice to prevent cerebral hypoxia.
19
' 21 A few clinical observations revealed that in the aged, iron deficiency anemia seems to be one of the causes of reversible hemiparesis. 4 ' 5 Knizley et al 4 pointed out that transient hemiparesis in anemic patients was related to platelet emboli due to thrombocytosis accompanied by iron deficiency anemia. Sex differences in the interrelationship between Hct and other risk factors of cerebral infarction should be taken into account. One reason why the incidence of cerebral infarction did not differ between high and normal Hct groups for men may be related to the fact that Hct is a minor risk factor of cerebral infarction, for males. Hypertension and ECG abnormalities were more frequent in men than in women, and few women smoked or drank alcohol. Meanwhile, major risk factors of cerebral infarction such as hypertension, glucose intolerance were more clearly related to Hct level in women than in men. Namely, the frequency of hypertension or glucose intolerance more sharply increased with increasing Hct levels in women. A causal relationship between high blood viscosity and high blood pressure was suggested.
22 ' B In the multivariate analysis, the more important risk factors were hypertension and glucose intolerance and high Hct no longer had a direct effect on the occurrence of cerebral infarction, in both sexes. Men who drank heavily were more likely to have a high Hct, yet heavy drinking has been linked to cerebral hemorrhage rather than to cerebral infarction. 24 It should be taken into consideration that iron deficiency anemia was a public health problem in the early 1960s, particularly for women in the rural area throughout Japan. 7 In the present study, average values for Hct were lower in women than in men, at any decade. The low Hct group for women was ranked in the lower value of Hct than that for men. The difference in the distribution of low Hct values between men and women is thought to reflect differences in the pattern of related incidence of cerebral infarction to low Hct. Cerebral infarction in the low Hct group of women developed within 5 years of follow-up. This suggests that the effect of low Hct on the pathogenesis of cerebral infarction probably relates to acute physiological properties of the red blood cells such as hypooxygenation of tissue, 5 ' "• 21 whereas a gradual elevation in the incidence of cerebral infarction in the high Hct group supports the hypothesis that a high Hct may have a long-term atherogenic effect. 23 Our results suggest that in women, a low Hct is a risk factor of cerebral infarction. Since the nutritional state of the Japanese has improved, a similar study to determine current findings is warranted. STROKE is a relatively common complication of sickle cell disease and contributes substantially to its morbidity and mortality. A recent natural history study, the first in which the nature of the cerebrovascular lesion was established in most patients by CT-scanning, reported a stroke incidence of 6% for all ages. 1 Two thirds of these patients had suffered ischemic cerebral infarction. Infarcts occurred mainly during childhood and adolescence (mean age 7.7 years) and were often repetitive, as had been observed in previous studies. 2 "Ê xchange transfusion regimes have been used with some success to prevent the recurrence of strokes and to improve existing neurological deficits in the survivors^ even reversing angiographic abnormalities in some cases. changes in the walls of the larger intracranial arteries, 7 ' 8 later authors generally attributed the ischemic infarction in sickle cell disease to small vessel involvement leading to multiple microinfarcts. 9 However, when it had been shown that angiography could safely be performed after prior exchange transfusion, 10 more and more reports again described occlusions and stenosis of major intracranial vessels in the majority of patients with ischemic infarcts studied. 5 -610 " 13 Intimal hyperplasia, often combined with medial fibrosis and hyalinization, was found to be causing the obstructions.
78 " 12 Explanations of the origin of these changes and of the occurrence of infarction predominantly in the first two decades of life have, however, remained speculative.
Positron emission tomography (PET) now offers the means to measure regional cerebral blood flow (CBF), oxygen extraction ratio (OER), oxygen utilization (CMRO 2 ) and cerebral blood volume (CBV) non-invasively in absolute values. Recently, important information about the pathophysiology of cerebral ischemia has been obtained with this method. In acute stroke it has been shown that when cerebral blood flow falls in relation to the tissue's oxygen requirements, the fraction of oxygen extracted from the blood can rise from
